Introduction
============

Toll-like receptors (TLRs) are well-conserved pattern-recognition receptors that are primarily expressed in human epithelial and immune cells ([@b1-mmr-21-02-0786],[@b2-mmr-21-02-0786]). The main function of TLRs is to promote the synthesis and release of inflammatory cytokines and chemokines, thus triggering the inflammatory response ([@b3-mmr-21-02-0786],[@b4-mmr-21-02-0786]). To date, a total of 10 TLRs, namely TLR1-TLR10, have been identified in humans. Previous studies have demonstrated that TLRs are also expressed in numerous tumor cells, and serve key roles in tumorigenesis, development and metastasis ([@b5-mmr-21-02-0786],[@b6-mmr-21-02-0786]). Research on how to effectively inhibit the expression and activation of TLRs in order to reduce the production and release of the corresponding inflammatory factors, and ultimately inhibit the proliferation of cancer cells has been receiving increasing attention.

Breast cancer is one of the most common malignant tumors worldwide, and is the most prevalent type of cancer and second leading cause of cancer-associated mortality in women ([@b7-mmr-21-02-0786]). In China, breast cancer is the second most common type of cancer, second only to lung cancer ([@b8-mmr-21-02-0786]). Breast cancer is an intrinsically heterogeneous disease with different biological characteristics and clinical outcomes. Common immunohistochemistry markers, such as estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2), together with traditional clinicopathological features, including tumor size, tumor grade and nodal involvement, are used to predict the outcome and treatment response in breast cancer ([@b9-mmr-21-02-0786]). Sørlie *et al* ([@b10-mmr-21-02-0786]) have proposed five subgroups of breast cancer based on gene expression profiling using DNA microarrays, including Luminal A, Luminal B, HER2 overexpressing, basal-like and normal-like breast cancer. Luminal type breast cancer (both A and B, also known as Lum A/B) is the most common type, accounting for \~70% of patients with breast cancer. Basal-like type breast cancer lacks ER, PR and HER2 receptors (triple-negative breast cancer), and has the worst prognosis ([@b11-mmr-21-02-0786],[@b12-mmr-21-02-0786]).

Although the association between TLRs and breast cancer has not been thoroughly investigated, previous studies suggested the presence of an important link between TLRs and breast cancer. It has been reported that the expression of TLR2 was \~10-fold lower in the more malignant MDA-MB-231 cells as compared with that in the less malignant MCF7 cells. Activation of TLR2 results in the activation of nuclear factor-κB (NF-κB) and upregulation of interleukin (IL)-6, transforming growth factor-β, vascular endothelial growth factor and matrix metalloproteinase 9 ([@b13-mmr-21-02-0786]). Salaun *et al* ([@b14-mmr-21-02-0786]) reported that, among 194 cases of patients with breast cancer, 36--45% of breast cancer cells expressed TLR3, while treatment with poly(A:U) reduced the risk of recurrence and metastasis in patients with TLR3-positive breast cancer. In addition, Haricharan and Brown ([@b15-mmr-21-02-0786]) observed that TLR4 activation in TP53-mutant breast cancer regulated the proliferation of cancer cells by promoting the secretion of pro-growth cytokines. TLR4 expression has also been demonstrated to be strongly associated with clinical indicators in metastatic ductal carcinoma ([@b16-mmr-21-02-0786]). Cai *et al* ([@b17-mmr-21-02-0786]) further reported that 80% of 75 cases of breast cancer expressed TLR5, the majority of which were high-grade ductal carcinomas. TLR5 was also overexpressed in 256 breast carcinomas specimens, and was correlated with lymph node metastasis and cancer grade ([@b18-mmr-21-02-0786]). Furthermore, Berger *et al* ([@b19-mmr-21-02-0786]) studied frozen breast specimens from 124 female patients with breast cancer and found that TLR9 mRNA expression was positively correlated with tumor grade, suggesting that TLR9 may be a molecular marker for poorly differentiated breast cancer. Another study reported that activation of TLR9 in MDA-MB-231 cells by CpG-ODN increased *in vitro* invasion ([@b20-mmr-21-02-0786]), suggesting that TLR9 is involved in tumor progression and metastasis. These previous studies collectively suggest that TLR signaling may serve an important role in regulating the growth, metastasis and apoptosis of breast cancer cells.

In the current study, mRNA expression and clinical data of 1,215 patients with breast cancer were obtained from The Cancer Genome Atlas (TCGA) database to analyze the expression patterns of TLRs in different sample types, tumor subtypes and tumor stages. Furthermore, cytokines downstream of the TLR signaling pathway were studied, and survival analysis was performed to investigate the effect of TLR expression on the outcome and prognosis of patients with breast cancer. By investigating the role of TLRs in the development of breast cancer, the present study provides new insights for the diagnosis and treatment of breast cancer.

Materials and methods
=====================

### Patients and TCGA data retrieval

The data of patients with breast cancer, including mRNA expression and corresponding clinical information, were retrieved from TCGA database (<https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga>), which is an open access, publicly available database. Clinical characteristics of the patients included in the current study are listed in [Table I](#tI-mmr-21-02-0786){ref-type="table"}. The TCGA gene expression profile was measured using the Illumina HiSeq 2000 RNA Sequencing System (HiSeqV2; Illumina, Inc., San Diego, CA, USA). The RSEM (also known as RNA-Seq by Expectation-Maximization) normalized count was used as the gene level expression estimates in the present study. Intrinsic tumor subtype, tumor stage information and overall survival time were also extracted from TCGA data portal. Patients without detailed clinicopathological data, such as age, gender, race, histological subtype, tumor-node- metastasis (TNM) stage or overall survival were excluded from the present study. The study met the ethics and policies provided by TCGA (<https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga/history/policies>).

### Statistical analysis

The analysis focused on 1,215 breast cancer cases included in TCGA database. The data were expressed as the mean ± standard deviation. Paired or unpaired Student\'s t-test, and one-way analysis of variance functions of GraphPad Prism software (version 6; GraphPad Software, Inc., San Diego, CA, USA) were used to evaluate the significance of differential expression levels of candidate genes among different samples, intrinsic tumor subtypes and tumor stages. In addition, Spearman correlation and linear regression analysis were used to examine the association of TLR expression with various cytokines \[IL-1β, IL-6, IL-8, necrosis factor α (TNF-α), interferon (IFN)-α, IFN-β and C-X-C motif chemokine 10 (CXCL10)\], with 0\<r\<1 indicating that two variables were changing in the same direction in a correlative manner. Survival analysis was conducted using SPSS software (version 22.0; IBM Corp., Armonk, NY, USA). Patients were grouped based on the mRNA expression of TLRs, with the upper 50% and the lower 50% representing the high and low expression groups, respectively. Survival curves were estimated by the Kaplan-Meier method, and the log-rank test was used to compare the overall survival curves between groups. Only mortality cases as a result of breast cancer were considered in the analysis. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression levels of TLRs in breast cancer cases included in TCGA database

The publicly available TCGA database, composed of 2.5 petabytes of data describing tumor tissues and matched normal tissues from \>11,000 patients, was used in the present study. The expression levels of TLR1-TLR10 were initially analyzed using TCGA breast cancer database in order to compare normal and tumor tissues. Compared with the normal control tissues, the expression levels of TLR1, TLR2, TLR3, TLR4, TLR5, TLR9 and TLR10 were significantly decreased in breast cancer tissues. In addition, the expression levels of TLR6, TLR7 and TLR8 were slightly increased in breast cancer tissues, although statistical significance was not reached ([Fig. 1](#f1-mmr-21-02-0786){ref-type="fig"}).

### Expression levels of TLRs in various subtypes and stages of breast cancer

The expression of TLRs in different subtypes of breast cancer was subsequently analyzed. TLR1, TLR2 and TLR6 displayed higher expression levels in the triple-negative breast cancer subtype as compared with those in Lum A/B and HER2-enriched subtypes. The expression of TLR3 exhibited a gradient decline among normal tissues and all the three subtypes; however, the difference between the HER2-enriched and triple-negative subtypes was not statistically significant. The TLR4 and TLR7 expression levels were lower in the triple-negative subtype as compared with the other two subtypes. TLR5 was the only gene that exhibited a statistically significant difference in terms of expression among all the three subtypes, with the lowest expression observed in the HER2-enriched subtype, followed by the Lum A/B and triple-negative subtypes. Furthermore, the expression of TLR8 was reduced in the Lum A/B subtype compared with that exhibited in the other two subtypes, although this difference was not significant. TLR9 expression increased gradually among the three subtypes; however, similarly to TLR3, there was no statistically significant difference between the HER2-enriched and triple-negative subtypes. By contrast, TLR10 expression did not differ among the three subtypes of breast cancer ([Fig. 2A](#f2-mmr-21-02-0786){ref-type="fig"}). These results suggest that TLR3 and TLR9 may be useful biomarkers of ER-/PR-negative breast cancer (HER2-enriched and triple-negative subtypes), while TLR5 may serve an important role in HER2-enriched breast cancer.

Next, the expression levels of TLRs in various stages of cancer progression were analyzed based on the data obtained from TCGA database. Breast cancer cases were staged according to the TNM staging system, which uses the size and extension of the primary tumor, its lymphatic involvement and the presence of metastases to classify the progression of all solid tumors (<https://www.cancer.gov/types/breast/patient/adult/breast-treatment-pdq>). It was observed that the expression levels of TLRs varied in different stages of breast cancer ([Fig. 2B](#f2-mmr-21-02-0786){ref-type="fig"}). Consistent with our earlier results ([Fig. 1](#f1-mmr-21-02-0786){ref-type="fig"}), the expression levels of TLR1, TLR3 and TLR4 were significantly reduced in all stages relative to normal tissues, whereas TLR2, TLR5 and TLR10 exhibited lower expression in certain stages compared with that in normal tissues. TLR10 was the only gene whose expression varied significantly between stage I and II--IV breast cancer, with its expression decreasing as the cancer stage advanced. These results suggest that TLR10 may serve as a biomarker of breast cancer progression. By contrast, the expression levels of TLR6, TLR7, TLR8 and TLR9 did not differ among different disease stages or in comparison with those found in normal tissues.

### Survival analysis

The current study used overall survival data of breast cancer patients (OS ≥90 days) from TCGA database to evaluate the effect of TLR expression on patient prognosis. The patient survival status was described as 0 or 1, where 0 represented mortality and 1 represented censoring (patients who were lost, or succumbed to other causes, or were alive at the end of follow-up). The samples were divided into two groups based on TLR expression levels, including the low and high expression groups. [Fig. 3](#f3-mmr-21-02-0786){ref-type="fig"} illustrates the association between patient survival and the expression of TLR4 or TLR7. The mean survival time following the initial diagnosis of patients with low TLR4 expression was 12.38 years, while that of patients with high expression was 8.07 years (P=0.05). Furthermore, the mean survival time of patients with low TLR7 expression was 11.66 years, while that of patients with high expression was 8.96 years (P=0.05). The remaining TLRs exhibited no significant association between expression levels and survival ([Table II](#tII-mmr-21-02-0786){ref-type="table"}). Overall, high TLR4 and TLR7 expression may be associated with poor prognosis.

### Correlation of inflammatory cytokines and chemokines with TLRs

TLR expression in the tumor microenvironment has been reported to be associated with cancer progression and to be involved in inflammation ([@b21-mmr-21-02-0786]). The activation of TLRs expressed in tumor cells initiates signaling cascades that mediate the release of cytokines, chemokines, pro-angiogenic mediators and growth factors, leading to tumor survival and progression ([@b22-mmr-21-02-0786]). Due to the different locations of TLRs in cancer cells, different downstream signaling pathways are activated, resulting in the production of different cytokines. In the present study, the TLR family was divided into two groups: The first group included TLR1, TLR2, TLR4, TLR5, TLR6 and TLR10, which are expressed on the cell surface, while the second group comprised TLR3, TLR7, TLR8 and TLR9, which are present in intracellular vesicles ([@b23-mmr-21-02-0786]). A total of seven representative cytokines and chemokines downstream of TLR signaling pathways were then selected to analyze their correlation with TLR expression.

[Fig. 4A](#f4-mmr-21-02-0786){ref-type="fig"} shows the correlation of inflammatory cytokines IL-1β, IL-6, IL-8 and tumor necrosis factor α (TNF-α) with the cell surface receptors TLR1, TLR2, TLR4, TLR5, TLR6 and TLR10. The expression levels of TLR1, TLR2, TLR4 and TLR6 were found to be directly correlated with these four cytokines. By contrast, the expression of TLR5 was only correlated with IL-1β and TNF-α, while TLR10 was correlated with IL-1β, IL-6 and TNF-α. As shown in [Fig. 4B](#f4-mmr-21-02-0786){ref-type="fig"}, the expression levels of the four intracellular receptors (namely TLR3, TLR7, TLR8 and TLR9) was positively correlated with IFN-β and CXCL10. TLR3 was also correlated with IFN-α, whereas TLR7, TLR8 and TLR9 did not exhibit significant correlations with IFN-α.

Discussion
==========

Breast cancer is a major public health issue for women worldwide. The occurrence and development of breast cancer are affected by complex environmental and genetic factors. Numerous studies have suggested that TLRs, which are normally associated with immunity and inflammation, may be involved in the progression and prognosis of breast cancer. TLRs are highly expressed in breast cancer cells, and activation of these receptors can induce aggressive tumor behavior, cell proliferation, cell invasion, cell migration and metastasis ([@b24-mmr-21-02-0786]). The 'cross-talk' between TLRs and various other signaling pathways in breast cancer constitutes a markedly complicated signaling network system to promote secretion of inflammatory cytokines and chemokines. These inflammatory mediators, in turn, can promote tumor proliferation and apoptosis resistance, thus participating in the development and progression of breast cancer ([@b25-mmr-21-02-0786]). Therefore, TLRs may be potential drug targets for breast cancer treatment.

The current study demonstrated that the expression levels of the majority of TLRs (except for TLR6-TLR9) were downregulated compared with those in normal tissues; these results differ from those reported in previous studies ([@b13-mmr-21-02-0786],[@b16-mmr-21-02-0786],[@b17-mmr-21-02-0786],[@b26-mmr-21-02-0786]--[@b28-mmr-21-02-0786]). This discrepancy may be due to the source of the model system from which the data were derived. Previous studies have mainly focused on the expression of TLRs in animal models or breast cancer cell lines, whereas the present study utilized clinical data from TCGA database. In the present study, although TLRs were found to be generally downregulated in tumor tissues, certain tumor subtypes exhibited higher expression compared with normal tissues. For instance, TLR6 and TLR9 expression was significantly increased in triple-negative subtype in comparison with that in normal tissues. Thus, it is speculated that the possible reasons for the discrepancy of the results between the present and previous studies may be the size and source of samples, or the selection of tumor subtypes. The present study involved a large number of samples (1,215 cases), and different sample sources, subtypes, races, genders and ages were included.

It has previously been reported that TLR3 sequence variants may reduce 82% of breast cancer risk among African-American women ([@b29-mmr-21-02-0786]), and the activation of TLR3 was associated with a significant decrease in the risk of metastatic relapse in 194 patients with breast cancer, suggesting an association between clinical outcome and TLR3 expression ([@b26-mmr-21-02-0786]). This is consistent with the results of the present study, which revealed lower levels of TLR3 expression in more malignant subtypes. It was also demonstrated that high level of TLR9 was strongly associated with ER-negative subtypes (HER2-enriched and triple-negative), which was also verified by previous studies. For instance, Berger *et al* ([@b19-mmr-21-02-0786]) reported that TLR9 expression promoted cell migration, cell invasion and aggressive tumor behavior in an ER-negative breast cancer cell line. In addition, Jukkola-Vuorinen *et al* ([@b30-mmr-21-02-0786]) demonstrated increased TLR9 expression in ER-negative versus ER-positive breast cancer samples via immunofluorescence. The current study also revealed that low expression of TLR5 was significantly associated with HER2-enriched breast cancer, although further research is required to confirm this association.

Multiple studies have focused on the effect of TLRs on breast cancer prognosis. González-Reyes *et al* ([@b27-mmr-21-02-0786]) revealed that high expression of TLR4 was associated with a large tumor size, distant metastasis and recurrence upon investigating tumors from 74 patients with breast cancer. In addition, TLR4 was expressed in a functional form in patients with ER-/PR-negative breast cancer and was correlated with a decreased survival ([@b31-mmr-21-02-0786]). Lu *et al* ([@b32-mmr-21-02-0786]) demonstrated that activation of TLR7 was associated with a significant regression of spontaneous breast cancer in mice, suggesting a better prognosis. In the present study, high expression levels of TLR4 and TLR7 were revealed to have a close association with shortened survival and worse prognosis. However, no significant differences in survival were observed between high and low expression levels of other TLRs, which may be due to the short follow-up period of patients included in TCGA database (\<5 years).

TLR signaling pathways promote survival, proliferation and apoptosis of cancer cells, as well as IFN, cytokine and chemokine production. For instance, TLR1 and TLR2 mediated by the PI3K-Akt pathway, or TLR4, TLR5 and TLR6 mediated by the NF-κB pathway lead to increased levels of several pro-inflammatory cytokines (including TNF-α, IL-1β, IL-6 and IL-12) and chemokines \[including IL-8, C-C motif chemokine ligand 3 (CCL3), CCL4 and CCL5\], thus causing inflammation. TLR3, TLR7, TLR8 and TLR9 mediated by MyD88-dependent/independent pathways induce the production of co-stimulatory molecules \[such as cluster of differentiation 40 (CD40), CD80 and CD86\], inflammatory cytokines (including IFN-α and IFN-β) and chemokines (including CXCL9, CXCL10 and CXCL11), thus promoting antibacterial and antiviral effects ([@b33-mmr-21-02-0786]--[@b36-mmr-21-02-0786]). In line with this, the present study revealed positive correlations between TLRs and the downstream signaling molecules IL-1β, IL-6, IL-8, TNF-α, IFN-α, IFN-1β and CXCL10 in breast cancer. These results suggest that TLR-mediated signaling serves an important role in the regulation of tumorigenesis. It may be useful to investigate how various TLR pathways affect the different breast tumor cell types and their potential roles in breast cancer development in future studies.

In conclusion, the current study analyzed the expression profile of TLRs and identified that most TLRs were downregulated in breast cancer. TLR3, TLR5 and TLR9 were associated with specific subtypes, and TLR10 was related to tumor stages, suggesting that TLRs have profound effects on breast cancer incidence and progression. TLRs and their downstream inflammatory cytokines serve important roles in innate immunity and are also key regulatory factors in tumor development. Silencing or activating TLRs may be an effective therapeutic target of breast cancer. Therefore, studying the expression patterns of TLRs and the interaction of their signaling pathways in breast cancer will help to explore the clinical applications of anti-tumor therapy and to provide new insights for breast cancer treatment.
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![TLR expression levels in breast cancer. The raw expression data were exported from The Cancer Genome Atlas breast cancer database, including 113 tumor samples (red) and matched normal tissues (blue). Data are expressed as the mean ± standard deviation. Paired Student\'s t-test was used to evaluate the statistical significance of differential mRNA expression levels of candidate genes between normal and tumor groups. \*\*P\<0.01, \*\*\*P\<0.001 and \*\*\*\*P\<0.0001. TLR, Toll-like receptor; ns, no significant difference.](MMR-21-02-0786-g00){#f1-mmr-21-02-0786}

![TLR expression among different subtypes and stages of breast cancer. (A) Subtype information was exported from TCGA breast cancer database, including 113, 628, 67 and 142 samples from normal tissues, Luminal A/B, HER2-enriched and triple-negative subtypes, respectively. (B) TNM stage information was exported from TCGA breast cancer database, including 113, 279, 622, 131 and 40 samples from normal tissues, stage I, II, III and IV, respectively. Data are expressed as the mean ± standard deviation. One-way analysis of variance was used to evaluate the statistical significance of differential mRNA expression levels of candidate genes among groups. \*P\<0.05, \*\*P\<0.01 and \*\*\*P\<0.001. TLR, Toll-like receptor; TCGA, The Cancer Genome Atlas; ns, no significant difference.](MMR-21-02-0786-g01){#f2-mmr-21-02-0786}

![Kaplan-Meier curves for overall survival stratified by TLR4 and TLR7 mRNA expression. The overall survival data was exported from The Cancer Genome Atlas breast cancer database, including 410 and 411 samples with low (blue lines) and high (green lines) TLR expression, respectively. Only cases exhibiting cancer-associated mortality were included in this analysis. The symbol + denotes censored observations. The log-rank test was used to compare the overall survival curves between groups. TLR, Toll-like receptor.](MMR-21-02-0786-g02){#f3-mmr-21-02-0786}

![(A) Cell surface TLR and (B) intracellular TLR expression correlation with cytokines. The raw expression data were exported from The Cancer Genome Atlas breast cancer database. The R and P-values are indicated in the graphs. Linear regression and association analyses were conducted by GraphPad Prism 6 software. TLR, Toll-like receptor; ns, no significant difference; IL, interleukin; TNF-α, tumor necrosis factor α; IFN, interferon; CXCL10, C-X-C motif chemokine ligand 10.](MMR-21-02-0786-g03){#f4-mmr-21-02-0786}

###### 

Clinical characteristics of breast cancer patients included in The Cancer Genome Atlas database.

  Characteristic                                                      Value   Percentage (%)
  ------------------------------------------------------------------- ------- ----------------
  Age at diagnosis (years)                                            57.98   −
  Follow up (years)^[a](#tfn1-mmr-21-02-0786){ref-type="table-fn"}^   1.65    −
  Ethnicity                                                                   
    Caucasian                                                         757     60.99
    Black or African American                                         183     14.75
    Asian                                                             61        4.92
    American Indian or Alaska native                                  1         0.08
    NA                                                                239     19.26
  Survival                                                                    
    Alive at last follow-up or succumbed to unrelated cause           816     65.75
    Disease-specific mortality                                        135     10.88
    NA                                                                290     23.37
  Tumor grade (Nottingham) (37)                                               
    I                                                                 133     10.72
    II                                                                446     35.94
    III                                                               175     14.10
    IV                                                                15        1.21
    X                                                                 10        0.81
    NA                                                                462     37.23
  Subtype                                                                     
    Normal                                                            113       9.11
    Luminal A                                                         434     34.97
    Luminal B                                                         194     15.63
    HER2-enriched                                                     67        5.40
    Basal-like                                                        142     11.44
    Not classified                                                    291     23.45

Presented as the median. NA, not available; HER2, human epidermal growth factor receptor 2.

###### 

Analysis of overall survival in relation to TLR expression.

                         95% confidence interval                  
  ------- ------ ------- ------------------------- ------- ------ ------
  TLR1    Low    11.25   9.65                      12.85   0.15   0.70
          High   9.62    7.91                      11.33          
  TLR2    Low    10.59   9.04                      12.14   0.41   0.52
          High   10.64   8.83                      12.46          
  TLR3    Low    10.70   9.00                      12.39   0.63   0.43
          High   10.66   8.95                      12.36          
  TLR4    Low    12.38   10.71                     14.06   4.00   0.05
          High   8.07    6.94                      9.20           
  TLR5    Low    10.17   8.33                      12.00   0.00   0.99
          High   10.68   9.25                      12.11          
  TLR6    Low    11.20   9.64                      12.76   1.98   0.16
          High   9.93    8.08                      11.77          
  TLR7    Low    11.66   7.32                      10.60   3.92   0.05
          High   8.96    10.15                     13.18          
  TLR8    Low    11.77   10.15                     13.40   1.90   0.17
          High   8.44    7.18                      9.70           
  TLR9    Low    11.05   9.19                      12.90   0.02   0.89
          High   10.22   8.78                      11.67          
  TLR10   Low    11.19   9.48                      12.90   0.02   0.89
          High   9.62    8.30                      10.93          

TLR, Toll-like receptor.
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